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The use of wearable cameras in assessing childredigtary

intake and behaviours in China

Abstract

The use of lifelogging device in dietary assesssieah reduce misreporting and
underreporting, which are common in the previouslists conventional methods. We
performed the first study in Chinese children (@rgnschool Grade 4) that applied
the wearable cameras in assisting dietary rechlld@n (n=52) wore the wearable
cameras (Narrative Clip 2) for seven consecutiwes dduring which they completed a
3-day 24-hour dietary recall at home. Then childresdified their dietary recalls at
school by reviewing the photos taken by the wearabimera at school, with the
assistance of the investigator, and generatedatiimei@-assisted 24-hour dietary
recalls. Compared with camera-assisted dietarylse&§6 (n=160) and 1% (n=11) of
food items were underreportede( not reported at all) and misreportee.(reported

in an incorrechmount) by dietary recalls without camera-assistancegaetvely.
Dietary recalls without camera assistance undenaséd daily energy intake by
149+182kcal/d (8%) in comparison to the cameraséssidietary recalls. Foods
consumed on the snacking occasions (40%) were likehg to be underreported than
those consumed at main med<Q.001). Beverages (37%), fruits (30%), snacks and
desserts (16%) were foods most likely to be inaately reported. Children were
satisfied with the wearable cameras, with a medamne 5.0 (IQR: 5.0-5.0) for most
features. Wearable cameras hold promise for impgpaccuracy of dietary intake
assessment in children, providing rich objectivierimation on dietary behaviours,
and received high level of satisfaction and conmaleaof the users. Our results

suggest that the accuracy of dietary recall amamg<e school-aged children could



25 be improved by wearable camera, especially avoidimdgrreporting in the snacking
26  occasions.

27  Keywords: wearable cameras, 24-hour dietary recall, childobesity
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1. Introduction

The prevalence of childhood overweight and obasitghina has increased
dramatically from 1% and 0.1%, respectively in 19850 12% and 9% (based on
the Working Group for Obesity in China criteria) thildren aged 7-18 years in 2015
[2]. As dietary intake and behaviours are majortabuators to obesity and Chinese
diets and eating patterns are different from thongbe western countries, study on the

dietary assessment methods is important in China.

Traditional self-reported dietary assessment mestnaade been criticized for their
accuracy in determining energy intake [3]. Conchgtlietary assessments is even
challenging among school-aged children, becauddrehihave limited
comprehension of food variety and quantity, anckaapmethods, and also have
difficulties in concentrating their attention toofibrecalls [4]. Underestimation of food
intake is common in children’s dietary assessm@ghtGaregivers are often required
to assist their children to complete dietary assess. Chinese school-aged children
often eat together with family members at the tabl@ich are different from those in
western countries. The practice of sharing platésan with family members could

make children’s dietary assessment more difficult.

Digital technologies, such as photo, video and@utaive been used in dietary
assessment to enhance accuracy and ease of admimisby ensuring rapid, regular
and immediate recording of food intakes [6-10]. Ysibée cameras are one of the
photo-assisted methods that have been employedvé@amable camera could also
capture the mealtime interaction between family foers, and help to differentiate

which foods are eaten by the participant and wfockls are eaten by others. Most
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dietary surveys applying the wearable cameras a@@ng individuals aged above 16
years and these studies have taken place in wesiamries [11-16]. Its use among
school-aged children has only been reported indtudies in the UK [17], US [18]

and New Zealand [19-21] with relatively small saenpizes.

It is hypothesized that the use of wearable cameoasd enhance the accuracy of the
dietary assessment among Chinese school-agederhilfine aims of this study were
i) to evaluate the validity of the 24-hour dietaegalls by comparing results obtained
from surveys with and without the assistance oftpéicand ii) to evaluate the
feasibility of the wearable cameras on childremgaty assessment by analyzing the

satisfaction questions from the children’s questare.

2. Materials and Methods

2.1.The participants

This study was conducted in a primary school latatea Beijing suburb from May
to October 2017. The school supplied lunch to sttldaily. The school was not a
boarding school, not specific to ethnic minoritydstnts or students of particular
skills. The school had not participated in anydidod obesity interventions during

the past year.

Children at Grade 4 (typical age range 9 to 10&@s)eof the selected primary school
were our potential participants. Exclusion critevi@re a history of severe heart, lung,
liver, or kidney diseaseg.g.hypertension, tuberculosis); iatrogenic obesity;
abnormal growthd.g dwarfism, gigantism); a physical disability; dteampts to lose

weight (.g.on diet, taking weight reduction medications) dgrihe past three
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months. Written informed consent was obtained ftbenchildren and their parents.
This study was approved by the Institutional Revizvard (IRB) of Peking

University Health Science Centre.

2.2.Data collection

2.2.1. Children’s data from physical examination and schia@cord

Physical examinations of weight (kg) and height @h¢ach study participant were
conducted by the investigator who had been traioeshdertake physical
measurementsnformation on children’s sex and date of birth eebtained from the

school’s registration records.

2.2.2. Training in study procedures

A training session was given by the investigatah®children and their primary
caregivers. A brief questionnaire was deliveretheocaregivers one day before the
training session. Caregivers were required to tepeir education, occupation, their
height and weight, and returned the questionnaenthey came to attend the

training.

In the training session, the purpose and proceofuilee study were explained to the
children and caregivers. The children were inforred they should wear the camera
for seven days during the study period. The casrgiwere taught how to help their
children to wear the cameras, how to select twdkdags and one weekend day
among the study week to complete the 24-hour dietrall, and how to use the
electronic kitchen scales to weigh foods if thegl paoblems in estimating food

weight. Children were allowed to wear and familiarthemselves with the camera for



92  aday prior to the study.

93

94  The ethical framework for automated wearable caméexeloped by Kellgt al [22]

95 was adopted in the development of ethical proto€this study. Specifically, in the

96 training session, children and their caregiversawetified the approximate number

97  of photos to be taken, messages to be collecteldpatentially private events that

98 could be photographgé.g.private family moments, use of bathrooms) by the

99  wearable cameras. Children and their caregivers wéormed of their rights to
100 delete any photos if they wished to do so, befoednvestigator reviewed and
101 analyzed the photos. Children were notified thaytshould shut down the camera
102  when entering photo-restricted venuegy(swimming pools and changing rooms).
103
104 2.2.3. The use of the wearable cameras
105  During the study, children wore the camera for akv@he children fixed the
106  wearable cameras (Narrative Clip 2, made in Taiwlasigned in Sweden) on their
107  collar with a metal clip and elastic lanyard attezy woke up, and removed it before
108 they slept. Since the camera’s maximal batteryisifeix hours, children were given
109 two cameras and changed camera twice per day, thkgrarrived at school in the
110  morning and when they left school in the afternddnce the cameras were removed
111  for charging, photos stored were exported to a edgerpThe investigator screened all
112  photos taken, and deleted the ones irrelevanteto Biom the remaining photos, the
113  investigator selected the ones to represent allS@onsumed in all meals each day
114  per child. The photos selected should clearly sfomals in front of the child. In most
115 circumstance, each eating occasiem (breakfast, lunch, dinner, snackinvggs

116  represented by one to two key photos. Therefoxegpseight key photos representing
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all foods consumed each day were used in the caassisted dietary survey in the

next day.

2.2.4. Dietary recalls without camera assistance

Children completed a 3-day 24-hour dietary recatirdy the study week. They were
allowed to choose any two weekdays and one weettaydduring which children
recorded all the foods and beverages they had &aterthe morning when they
woke up to the nighttime before they slept, with #ssistance of their primary
caregiversElectronic kitchen scale that provided by the iigegor could be used to

weigh foods if children had problems in estimatiogd weight.

The next day at school, the investigator colletheddietary records, and assisted
each child to check and modify his/her record. fidwel atlas [23] developed by the
Institute of Nutrition of the Chinese Center forsBase Control and Prevention was
used to help the children estimate the quantitydiatgg] or volume [ml]) of foods
they had eaten. Initially, the child was askedheak each food item recorded, and
required to modify the record if incorrect repogtiexisted. Dietary recall without

camera assistance was generated.

2.2.5. Camera-assisted dietary recalls

After confirming the dietary recalls without cameassistance, the investigator
showed the pre-selected eating event photos (ndét8iled above) to the child in
time sequent, and asked the child to check eadhitem recorded and to modify or
confirm his/her record. The dietary recall genetatpon viewing photos was called

camera-assisted dietary recall. At the end of théys a self-administered
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guestionnaire was distributed to the children Xaneine their satisfaction with the

wearable cameras.

For both the dietary recalls data with and withcarhera assistance, the daily dietary
intakes (including energy, macronutrients, and anatrients) were calculated using
the China Food Composition Tables [24, 25] anddletary Reference Intakes of the

Chinese Residents [26].

2.2.6. Photo annotation

Upon the completion of the fieldwork, photos wet@ad by the investigator in a
password-protected computer. The protocol (see|8mgmtary document 1) for
photo annotation was developed by the investigater an intensive review of the
relevant literature [11, 16, 17]. Briefly, for eachild per day, the investigator
screened all photos taken in order, and identpiecktos related to dietary, physical
activity, purchasing or screen time events. Phodtzged to dietary events were
reviewed carefully and coded into eating occas{omduding breakfast, lunch, dinner,
and snacking) and dining locations (including hosahool, restaurant, others, such
as on the move to somewhere). For each eatingioacasformation on the starting
and ending time of the meal, dinning location, vieethe child watched electric
screen while eating, and whether the child ateveasslaccompanied by others was
obtained according to the photos and documentadable. Dietary events captured
by photos showing at least one switched-on eledt@igce €.9.TVs, computers,
tables and mobile phones) were indicated as ‘eatwegts involving screening
behaviours’. Similarly, dietary events capturedobytos showing at least one other

person together with the child.g.parent, grandparent, sibling, friend) were indidat
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as ‘eating with family members or friends’. It toagproximately 40 minutes to code
one-day of photos for one child. For quality aseaea photos that recorded all dietary
events of five randomly selected childree.(10% of the total participants) were
re-coded. Consistency of the coding between tksedimd second time should not be

less than 80%.

2.3.Measures

2.3.1. Measures on children’s characteristics

Children’s age was calculated from their date ahbChildren’s Body Mass Index
(BMI) was calculated from the physical examination tes@hildren were classified
into wasting (aged 9.0-9.9 years, male: BMI<14eipdle: BMI <13.8; aged
10.0-10.9 years, male: BMI <14.4, female: BMI <)4l@ealthy weight (aged 9.0-9.9
years, male: BMI=14.1-18.8, female: BMI=13.8-1&8ged 10.0-10.9 years, male:
BMI=14.4-19.5, femaleBMI=14.0-19.9), overweight (aged 9.0-9.9 years,enal
BMI=18.9-21.3, female: BMI=19.0-20.9; aged 10.09Qears, male: BMI=19.6-22.4,

female:BMI=20.0-22.0), and obese (aged 9.0-9.9 years, rBild =21.4, female:
BMI =21.0; aged 10.0-10.9 years, m@adll =22.5, femaleBMI =22.1) categories

according to the BMI classification criteria folhsmol-aged children and adolescents
in China [27, 28]. The Chinese criteria is similathe World Health Organization
(WHO) criteria using BMI-for-age (z score), whileet cut-off values are slightly
different. The Chinese method classified childrecoading to their year of age rather
than month of age (the WHO method). Details of twteria for children between 9
and 11 yeard.€. age range of our study participants) are providesupplementary
document 2Parents’ BMIswere also calculated according to their self-regzbr

weight and heighfThe socioeconomic status of familgs evaluated by the Green’s
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score [29]. Green’s score=0.5x (father's leveldafaation score x0.7+ father's
occupation score x0.4+ mother's level of educatmmre x0.7+ mother's occupation
score x0.4). The scorings for different educatiod accupation categories are
detailed in Supplementary document 3. A higheresamdicates higher social
economic status of the family. The median scorergyibe current study population

(54.95) was used to classify participants into lo(ve54.95) or upper (>54.95)

socioeconomic status.

2.3.2. Measures on the accuracy of dietary recalls

Food items collected from the dietary recalls withcamera assistance were
compared against those in the camera-assistedydietalls, and classified into
correctly, underreported.€. not reported at all), and misreported items. (eported
in an incorrect amount). Results of the daily digtatakes obtained from the
camera-assisted 24-hour dietary recalls were caedpaith that from children’

memory only recall.

2.3.3. Extracting food measures from camera data

The table documented information of each eatingsion per day and per child was
used to analyze mealtime duration, eating rate, baurof days eating outside home,
in western fast food restaurants, breakfast conomphe proportion of watching
electric screen while eating, and the proportioeaifng with family members or
friends.Mealtime duration(in minutes) was calculated as the differenceséen two
photos with the time stamp indicating the start and of the same dining event.
Eating rate(gram/minute) was calculated as the average goduie®ds consumed at

each meal (measured by camera-assisted methodgdilaly the average mealtime
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duration for each person (minuteNumber of days eating outside hgmmewestern
fast food restauranfsandconsuming breakfast during the study weeke estimated
according to the coding of the photos related #&vadly eventsThe proportion of
watching electric screen while eatifigp) was calculated as the number of dietary
events that involved screening behaviours dividgthk total number of dietary
events, and then multiplied by 100. The highertugortion, the more frequent the
screen time while dining wa$he proportion of eating with family members or
friends(%) was calculated as the number of dietary ewghtse others were present
divided by the total number of dietary events, t#reh multiplied by 100. The higher

the proportion, the more frequently the child aigether with others.

2.4.Sample size calculation

Because the main purpose of this study was to @iseslata accuracy of the
traditional dietary recall method, sample sizeneation was based on the differences
of daily energy intakes measured by dietary rewuaills and without camera
assistance. Based on data from Gemmeingl. [12], the effect sizeCphen's d) of the
difference of daily energy intakes between recaith and without camera assistance
was set as 0.4. A total of 54 participants couliesc 80% potential power to detect
such difference, using a two-sided T-test withgamsicance level of 0.05. Assuming a

10% of attrition or data ineligibility, a total sghe size of 60 was estimated.

2.5.Statistical analyses
Descriptive statistics (frequencies, means anddstahdeviations, median and
interquartile range) were used to describe theosdemographic characteristics of the

children, their dietary intakes and behaviours, @it satisfaction with the wearable
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cameras. Chi-square analyses (for categoricallMaspand Independent Sample T
test (for continuous variables) were conductedeted the differences in
socio-demographic characteristics between heatidyohese children. Correlation
coefficients (r) and Independent Sample T-test weréormed to test the correlation
and differences of intakes obtained by two meth{odsdietary recalls with and

without camera assistance), respectively. 95% dimitagreements between two
methods were also calculated using the Bland-Altmathod [30]. Statistical
significance for all analyses was set &\alue <0.05. Data analyses were performed

with the SPSS 20.0 software.

3. Results

A total of 62 primary school students at Grade 4engereened for eligibility based on
the criteria described earlier. With a further esabn of 10 participants who did not
complete the 3-day dietary recall, 52 students wesleided in the study.
Characteristics of the children participants weespnted in Table 1. There were
equal numbers of two sexes (male/female) and weigigroups (healthy
weight/obese). No children were classified as wgstir overweight according to the
Chinese BMI classification criteria. Obese childvegre in a significantly lower
social economic status, in comparison to the obildvith healthy weightxf=8.67
P<0.005). There were significant differences of maé&BMI (t (df=50) =-4.03,
P<0.001) but not paternal BMI (tif=34) =-1.23P=0.229) between obese children

and children of healthy weight status (Table 1).

Using the results obtained by the camera-assisétdrd recall method as reference,

the food items recorded by the dietary recall witheamera assistance were
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categorized into correctly reported items (n=1888), not reported items (n=160,
8%) and misreported items (n=11, 1%). Foods condwahsenacking occasions were
more likely to be inaccurately reported than thosesumed at breakfast, lunch or
dinner §*=394.60,P<0.001). Foods consumed in other pla@eg.pn the move) were
more likely to be inaccurately reported than foodssumed in school, restaurants
and homey*=63.75,P<0.001). Food items that were most likely to beamgported
or misreported were beverages, fruits, snacks assgettsy*=259.06,P,<0.001)

(Table 2).

Table 3 presented the daily dietary intakes (enenggronutrients, and
micronutrients) obtained from dietary recalls watid without camera assistance.
Results from dietary recall without camera assistamere significantly lower than
that from recall with camera assistance (t ranggdiden -5.95 and -2.2P,ranged
between<0.001 and 0.015), although there were high cdicgla between the results
of two methods (r ranged between 0.69 and (P90,001). The 95% limits of
agreement for energy, carbohydrate, protein anohfake were -150+357, -24.2+58.0,

-5.9+24.5, and -3.7+£12.0, respectively, when aggkssing two methods (Figure 1).

A total number of 345, 918 photos were used in plaoinotation. The overall
consistency between the first and second time goaas 94%, which met the
pre-specified requirement of 80%. The consistenaie®ding for eating occasion,
eating location, eating events involving screerbrbaviours, and eating with family
members or friends were 92 %, 98%, 98%, and 938pgewtively. Dietary behaviours

of the children were presented in Table 5.
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Over the study period, children spent a mediantduraf 13.0 hours (IQR:12.3-13.8)
per day on weekdays and 10.5 hours (IQR: 9.1-1eByay on weekends wearing
the device. The majority of the children were $egttsor very satisfied with the
weight, size, appearance, comfort, and speed tdrigat-charging of the wearable
cameras, with a median score 5.0 (IQR: 5.0-5.0)rfost features (Table 4). Most of
the children (90%) gave feedback that the foodteel@hotos were very helpful in

supplementing the food recalls.

4. Discussion

To our knowledge, this is the first study reportthg accuracy of the use of wearable
cameras in children’s dietary assessments. Oultsesiggest that the use of wearable
cameras in a 3-day dietary recall can enhancectweacy of results by reducing
underreported or misreported food items. Rich imftion on dietary behaviours

were obtained from the photo data. Time spent cariwe the device and feedback
from the children suggest high compliance and aetdfy of the novel technique

among the Chinese school-aged children.

Our study revealed a strong correlation betweed fmbection and intake from
dietary recalls with and without camera assistabhageresults from the dietary recalls
without camera assistance were significantly lothan that from the camera-assisted
dietary recall method. Our results are in accordamith the studies by Gemmirg

al. [12] and Pettitet al [13], which reported that although the 24-howtaly recall
with and without the assistance of cameras hadrlewergy consumption results,
results of camera-assisted method were closeetoeferences value (measured by

the doubly labelled water technique), regardlesseafand weight status. Moreover,
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our result is consistent with Gemmiagal [15] that the proportion of underreporting
was higher than that of misreporting. The main@aasight be when the investigator
showed the photos, children could remember whatlhge eaten, but not how much
they have eaten. Our result suggests that the eaassisted 24-hour dietary recall is
more advantageous in reducing underreporting thiareporting of food intakes. In
addition, our study relied on the children to amand modify the 24-hour dietary
recall. The investigator showed children the phososl the children confirmed foods
documented in the dietary recall had been conslbyiedemselves. Our method is
considered to be more accurate than that the igagst analyzing photos on his/her
own. This is because not all foods shown in theghwere eaten by the children,
and the investigator would not be able to corredifferentiate which ones had been
eaten by the children, which ones had been eatetheys, and which ones were not
eaten but moved to elsewhere. Our method is sughbst Cowburret al [17] that
teenagers using photos taken from wearable carneudd accurately remember

eating and purchasing events.

Our study suggests that the self-reported data@skbast, lunch and supper was
relatively accurate; while foods consumed in thecking occasion were likely to be
underreported. One reason might be that childregotdo report snacks. Another
reason might be that children intentionally avoidegorting unhealthy snacks (such
as chips, ice-cream) which the children might re@albowed to consume according to
the usual requirement of their caregivers. Ourltesuere consistent with the
literature that snacks were easily to be misrepasteunderreported [12, 15, 31]. Our
study found that foods eaten on the move to someanere more likely to be

underreported or misreported. The investigatordieehdy emphasized the additional



342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

eating occasion and eating on the move in theitrgisession, but there were still
underreported or misreported foods in some casasreé8ults suggest attention
should be paid to the reporting at snacking occasithout the companion of
caregivers in performing children’s dietary survBgverage, fruits, snacks and
desserts were found to be the top three food itemderreported in our study.
Gemminget al [12, 15] reported that fruits and vegetables goage, and desserts
were more likely be misreported or underreporteah thther foods among adults. Our
study separated fruits and vegetables, and fouatdtily 4.1% of vegetables was
underreported in comparison to 30.4% of fruits. @sults suggest separating fruits

and vegetables consumption in dietary surveys.

The strengths of our study include its originalityusing the wearable cameras to
enhance children’s dietary recall. The camera-tessimethod yielded richer objective
information on eating environment and eating behiag, such as the duration of
food consumption, the behaviour of watching eleesareen while eating, eating with
family members or friends, in comparison to thé-sgported questionnaire data.
Moreover, our study used the multiple days’ die@sgessment method to enhance
the reliability and validity of results, while sorstudies only conducted a one-day

dietary assessment [32].

Limitations of this study should be acknowledgeidst-this study was limited to a
sample of primary school students at Grade 4. Was due to the consideration that
the children at Grade 4 had better understandipgaity compared with those at
lower grades, and less study burden than thosigla¢rhgrades, and thus promote

better compliance with the study procedures. Fudhelies on its use in other ages
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are suggested. Second, the ‘weighed food intakelaubly labelled water method’
were not used as reference methods in this stodizad we were unable to determine
the differences between camera-assisted dietagjlseesults and true food intake.
Third, the battery life for the wearable cameras wat enough for a whole day. The
investigator had invested much time to help thdestts to change camera twice per
day. Techniques to prolong the battery life of vedde cameras is urgently needed.
Finally, the reliability of our photo annotation svemited by having only one coder.
Owing to the restriction of manpower and fundinyalving two coders had not been
possible in our study. However, after referrin@tprevious study [16], the
investigator performed a re-coding of photos of I@¥domly selected participants,

and obtained appropriate consistencies.

5. Conclusions

The study provides evidence of the feasibility andeptability of the use of wearable
cameras to assess children’s dietary intakes ina&Cfihe wearable camera improved
the accuracy of children’s 24-hour dietary recglréducing underreported and

misreported foods, in particular in the snackingastons.
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509

Table 1. Characteristics of the participants.

All participants Healthy Obese x’ort Pvalue

(N=52) (N=26) (N=26)
Meanz SD or N (%)

Age (years) 9.8+0.4 9.8+0.4 9.8+0.5 0.29 0.774
Sex

Male 26 (50) 13 (50) 13 (50)

Female 26 (50) 13 (50) 13 (50)
Family socioeconomic status 8.67 0.005

Upper 25 (49) 18 (72) 7 (28)

Lower 26 (51) 8 (31) 18 (69)
Children’s BMI (kg/nf) 20.8+4.7 16.5+1.5 25.1+2.0 -17.95<0.001
Father’'s BMI (kg/m) 25.4+3.2 24.9+2.1 26.0#4.0 -1.23 0.229
Mother’s BMI (kg/nf)  24.0+3.4 22.3+2.4 25.7+3.5 -4.03 <0.001

SD, standard deviation



510 Table 2. The accuracy of the 3-day 24-hour dietargecalls (DR)$.
Number of food items N (%) X P value
Correctly Underreport Misreported
reported ed
(n=1869) (n=160) (n=11)
Sex 5.32 0.070
Male 883 (93) 63 (7) 3(0)
Female 986 (90) 97 (9) 8 (1)
Weight status 0.83 0.660
Healthyweight 980 (91) 89 (8) 5(1)
Obese 889 (92) 71 (7) 6 (1)
Eating occasions 394.60 <0.001
Breakfast 423 (94) 24 (5) 3(1)
Lunch 726 (97) 18 (2) 4 (1)
Dinner 573 (96) 21 (4) 4 (1)
Snacking 147 (60) 97 (40) 0 (0)
Dining locations 63.75 <0.001
Home 1158 (90) 128 (10) 6 (1)
School 574 (98) 10 (2) 3(1)
Restaurant 101 (91) 9 (8) 1(1)
Others é.g.on the move 36 (72) 13 (26) 1(2)
to somewhere)
Food categories 259.06 <0.001
Cereals and tubers 565 (96) 11 (2) 10 (2)
Vegetables 331 (96) 14 (4) 0 (0)
Fruits 78 (70) 34 (30) 0 (0)
Animal foods 511 (95) 25 (5) 0 (0)
Soya nuts 71 (95) 4 (5) 0 (0)
Snacks and desserts 184 (84) 34 (16) 1(0)
Beverages 53 (63) 31 (37) 0 (0)
Others é.g.condiments) 76 (92) 7 (8) 0 (0)

511

®*Results from the camera-assisted 24-hour dietaglisawere used as references.



512 Table 3. Daily dietary intakes obtained by dietaryrecalls with and without
513 camera assistance (N=52).

DR dc%rgera assist® pitterence (F:)/eo)rc;ntage t P; r P,
(MeanxSD) (Mean+SD) (MeantSD) difference

Energy (kcal) 1804+539 19544530 -150+182 8 -5.95 <0.001 0.94 <0.001
Carbohydrate (g) 246.9+74.2 271.1+74.9 2424296 9 591 <0.001 0.92  <0.001
Fat (g) 58.9+24.6 62.6124.4 -3.716.1 6 -4.39 <0.001 0.97 <0.001
Protein (g) 77.8£31.8 83.7£32.7 -5.9+12.5 7 -3.40 0.001 0.93 <0.001
Dietary fiber (g) 9.916.6 11.948.1 -1.945.5 16 -253 0.015 0.73 <0.001
Vitamin A (ugRE) 433.2+4321.1  548.5+450.0  -115.3+327.1 21 -254 0.014 0.69 <0.001
Thiamin (mg) 0.9+0.4 0.9+0.4 -0.10.1 11 521 <0.001 0.98  <0.001
Riboflavin (mg) ~ 0.9+0.4 1.00.4 -0.10.1 10 -4.44  <0.001 0.92  <0.001
Vitamin C (mg) 61.0£38.5 74.61£45.9 -13.6+26.2 18 -3.74  <0.001 0.82 <0.001
Calcium (mg) 422.3+240.8 496.5+282.9 -74.2+136.1 15 -3.93 <0.001 0.88 <0.001
Potassium (mg) 1847.3£1001.2 2118.9+1120.7 -271.6+587.0 13 -3.34  0.002 0.85 <0.001
Sodium (mg) 1287.4+653.5 1392.84669.9 -105.4+217.3 8 -3.50 0.001 0.95 <0.001
Magnesium (mg) 248.9+112.5 280.5+126.8 -31.6+£69.9 11 -3.26  0.002 0.84 <0.001
Iron (mg) 20.7£13.4 23.0£14.0 -2.315.4 10 -3.07 0.003 0.92 <0.001
Zinc (mg) 11.3+4.5 12.1+4.5 -0.8+1.6 7 -3.64 <0.001 0.93  <0.001

514 DR, no-camera-assisted 24-hour dietary recalls;

515 Difference, DRCamera-assisted DR

516  Percentage (%) of difference, DifferenCaimera-assisted DER)0%

517 r, correlations between results from DR &@amera-assisted DR

518 Py, P value for the differences between results fiiinandCamera-assisted DR

519 independent sample T-test;

520 P, P value for the correlations between results fiemmera-assisted D&hd DR.



521

522

Table 4. Children’s satisfaction to the wearable aaeras (N=52).

Camera feature  Very Unsatisfied Neutral Satisfied Very Satisfaction
unsatisfied satisfied score
N (%) N (%) N (%) N (%) N (%) Median (IQR)
Weight 0 (0) 0 (0) 3 (6) 4 (8) 45 (87) 5.0 (5.0-5.0)
Size 0 (0) 0 (0) 1(2) 3 (6) 48 (92) 5.0 (5.0-5.0)
Appearance 0 (0) 0 (0) 4 (8) 5 (10) 43 (83) 5.0 (5.0-5.0)
Degree of 0 (0) 1(1.9) 3 (6) 15 (29) 33 (64) 5.0 (4.0-5.0)
comfort
Manner of 0 (0) 0 (0) 4 (8) 7 (14) 41 (79) 5.0 (5.0-5.0)
wearing
Speed of battery 0 (0) 1(1.9) 0 (0) 6 (12) 45 (87) 5.0 (5.0-5.0)

charging

IQR: interquartile range



523 Table 5. Dietary behaviours of healthy and obese dtren, measured by
524 camera-assisted dietary recalls (N=52).

Healthy Obese

(N=26) (N=26)

(MeantSD) (Mean+SD)
Average mealtime duration (minute) 13.0+£3.8 13.3+5.
Average eating rate (g/min) 28.7+10.0 29.0+11.8
Number of days eating outside home in the studykweel.0+1.3 1.0£1.0
Number of days eating in the western fast food 0.4+0.9 0.1+0.3
restaurants in the study week
Number of days having breakfast in the study week .4+H2 6.3+1.2

The proportion of watching electric screen whiléreg  19.9+22.1 25.1£22.5
The proportion of dining accompanied by others BOR5 78.8£17.8




525  Figure 1. Agreement of two methods (dietary recallgvith and without camera
526  assistance) in measuring energy, carbohydrate, prein and fat intakes, by
527  Bland-Altman limits of agreement plots
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